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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD 

 

In the Matter of Registration Nos. 2985751; and 3394514 

 

Dated: August 16, 2005 & March 11, 2008, Respectively 

______________________________________   

Thomas Sköld, )  

 Petitioner, )  

  ) 

 v. ) 

  )      Cancellation No. 92052897  

Galderma Laboratories, Inc., ) 

Registrant ) 

______________________________________ )  

 

 

 

PETITIONER SKÖLD'S SUPPLEMENTAL RESPONSE TO REGISTRANT'S FIRST 
SET OF INTERROGATORIES  

 
 Pursuant to Rules 26 and 33 of the Federal Rules of Civil Procedure, Petitioner Thomas 

Sköld ("Sköld"), by and through its undersigned counsel, submits this response to the 

Registrant's First Set of Interrogatories as set forth below. 

As a general note, applicable to multiple Interrogatories, Petitioner's RESTORADERM 

Technology is based on (a) compositions of stratum corneum lipids (phospholipids/ceramide/ 

cholesterol/fatty acid), and (b) the presence of different macromolecular aggregates formed of 

the lipids. Its primary intent is for formulation for delivering pharmaceutically active substances 

into or through the dermis of a patient. But Sköld's use of the trademark has extended to the 

vehicle. References herein to the "RESTORADERM Technology" are references to technology 

encompassing (a) and (b). 

As a general note, the responses below may speak of "Registrant," where the context 

should make clear whether the referenced party was, at the time of events recited, Galderma 

Laboratories, Inc. ("Galderma") or its predecessor in interest, Collagenex Pharmaceuticals, Inc. 

("Collagenex"). At other times, the specific such party may be called out. 

 

Interrogatory No.4: 

Describe in detail how the term RESTORADERM was first conceived of. 
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Response to Interrogatory No. 4: 
At an early stage of development Sköld and Mats Silvander were brainstorming about giving the 

development a name and came up with Lipoid, LipoDerm, Restoraderm for use with various 

aspects of technology under consideration.  The idea was to use Restoraderm for topical delivery 

and Lipoid for nasal/oral delivery. Lately the nasal and oral system goes under the trademark 

LipoGrid Technology. 

 

The topical technology labeled with the Lipoderm and RESTORADERM marks was presented 

to Collagenex on Sept. 12th
  11

th
  2001, especially via a document substantially identical to that 

labeled "A theory of the "mode of action" concerning this new technology" ("Mode of Action 

Document", Bates SKOLD-000011). In early 2002 Collagenex had a couple of sessions 

internally (Jeff Day, Rob Ashley and Chris Powala) to decide which the Sköld's trademarks they 

were comfortable with and settled on Restoraderm. Collagenex then asked if Sköld was fine with 

that choice, and he gave them approval (contingent on the license), which led to the license 

provided by the 2002 Agreement. Since then the mark has been associated with 

RESTORADERM Technology, though since 2010 there has been the confusion brought on by 

Registrant's unlicensed and misleading use of the mark. 

 

The Mode of Action Document is being provided with the First Updated Initial Disclosures. 

 

Interrogatory No.6: 

State the date of, and describe in detail the circumstances of, your first use of the mark 

RESTORADERM in commerce in connection with the sale, offering for sale, distribution, or 

advertising of a dermatology product. 

 

Response to Interrogatory No. 6: 
The week of Sept. 11, 2001, Sköld had scheduled meetings with Neutrogena Neutragen (Ortho 

McNeil), Medicis and Allergan Alerga , each of which at least the first two of whom had 

received from Sköld the Mode of Action Document. Each of these was a set up as part of selling 

RESTORADERM Technology product and services. 

 

In late 2001, prior to any usage or conception of usage by Registrant, Petitioner delivered to 

Collagenex RESTORADERM labeled samples of a base formulation for RESTORADERM 

Technology. 

 

Petitioner's meeting with Collagenex is set forth in the answer to Interrogatory No. 4.  

 

Moreover, in November and  or December of 2001, samples labeled "RESTORADERM 

Technology" were delivered to Collagenex. 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD 

In the Matter of Registration Nos. 2985751; and 3394514 
 
Dated: August 16, 2005 & March 11, 2008, Respectively 
__________________________________   
Thomas Sköld, )  
 Petitioner, )  
  ) 
 v. ) 
  )      Cancellation No. 92052897  
Galderma Laboratories, Inc., ) 

Registrant ) 
__________________________________ )  
 

DECLARATION OF THOMAS SKÖLD 

 
I, Thomas Sköld, declare as follows: 

 

1. I am the Petitioner in this Cancellation proceeding. 

2. I am over the age of eighteen (18) and am competent to make this declaration.  

3. I have personal knowledge of the matters which are the subject of this declaration. 

4. I first met with Collagenex Pharmaceuticals, Inc., Registrant's predecessor in 

interest, at its Newton, Pennsylvania location on 12 September 2001, the day after 

the memorable day of 11 September 2001. In the meeting, I presented the 

Restoraderm technology, my services in developing specific formulations thereof, 

and my availability to provide specific formulations within the technology, for 

example formulations carrying specific drugs. At the meeting, I showed Collagenex a 

document substantially the same as, if not identical to, that attached hereto as Sköld 

Decl. Exhibit E. That document shown to shown to Collagenex included the 

recitation of "Restoraderm" Technology found in Sköld Decl. Exhibit E. Thereafter I 
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worked collaboratively with Collagenex to develop a product that was termed 

"Restoraderm" until at least November 2007.  

5. The 12 September 2001 meeting came about because an 11 September 2001 

meeting with Johnson & Johnson/Neutrogena/Ortho Derm (related companies, 

treated here as one) to sell Restoraderm technology was cancelled mid-meeting, 

due to the tragic events of that day. I also had later September 2001 meetings 

scheduled with Medicis (scheduled 12 September 2001 in Arizona) and Allergan 

(California) to sell the technology. Because of the post 11 September 2001 travel 

restrictions and because I was soon in intense negotiations with Collagenex, the 

Medicis meeting converted to a conference call and the Allergan meeting was 

cancelled. Johnson & Johnson/Neutrogena/Ortho Derm and Medicis all received for 

their scheduled September 2001 meetings with Sköld a copy of a document 

substantially the same as, if not identical to, that attached hereto as Sköld Decl. 

Exhibit E. In September, 2001 I used, with Allergan, the mark "Restoraderm" in 

connection with the technology. 

6. In November and December of 2001 I transported samples of a skin-care 

formulation labeled "Restoraderm" to Collagenex from Sweden. Multiple shipments 

reflected improvement in the formulation as manufactured in Sweden. Some of the 

samples were transported from Sweden by myself, and some I had mailed to Jeffrey 

S. Day. I further hand delivered such samples to Collagenex at the Caribbean Derm. 

meeting in Puerto Rico, which meeting occurred on or about 18 January 2002. All 

PUBLIC



 
 
 
 

 

Declaration of Thomas Sköld  Page 3 

 

 

 

the samples from 2001 and 2002 were formulated in Sweden, under my direction, by 

myself and my assistant, Mats Silvander. 

7. Primary participants of the 12 September 2001 meeting were myself, the Brian M. 

Gallagher, president of Collagenex, Robert A. Ashley, senior vice president, 

Commercial Development, of Collagenix, and Jeffrey S. Day (soon to be vice 

president, dermatology, of Collagenix). These officers remained together at 

Collagenex through at least about mid-2004. Jeffrey S. Day officially began at 

Collagenex soon after the 12 September 2001 meeting, but was in attendance at 

that meeting. 

8. Prior to the 12 September 2001 meeting, I had been the CEO of Ponsus AB, a 

Swedish dermatology products company, from approximately 1995 to August, 2001. 

Ponsus is a dermatology company that developed, and developed during my tenure 

as CEO, new dermatology products. Accordingly, I am familiar with the norms of the 

dermatology industry, and the dermatology product development industry. 

9. The services and product I was selling at the 12 September 2001 meeting were for 

formulation of new dermatology products in the new vehicle I invented, which vehicle 

is now the subject U.S. Pat. No. 8,029,810. This type of service is to be sold on an 

exclusive or a well-defined exclusive field-of-use basis, or would be without 

substantial value. Accordingly, it is normal in the industry that selling of the services 

is to a limited number of entities. It is normal that limited samples are provided (if at 

all) in selling presentations. 
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10. The presentations made to Collagenex in connection with Restoraderm beginning 12 

September 2001 and prior to 28 February 2012 were sufficient to generate, prior to  

early 2007, $814,580 in consulting fees from Collagenex to me, and in this same 

period, $1,625,000 (USD) in milestone or milestone-like payments from Collagenex 

to me. Thus, these efforts obtained $2,439,580 in payments from Collagenex to me, 

indicating that my selling efforts were not token, nor made merely to reserve the 

mark. The agreements that flowed from these presentations contemplated further 

payments in excess of two million dollars U.S., which payments were never realized.  

11. From the context of my discussions with Collagenex in late 2001 and early 2002, it is 

clear to me that I would not have gained the 2002 contract with Collagenex if I had 

not, as I did, send samples to Collagenex in November and December 2001. 

12. After execution of the 11 February 2002 Agreement, and before 28 February 2001, I 

and an assistant, Mats Silvander, manufactured Restoraderm formulation on behalf 

of Collagenex in Sweden.  

13. In the late 2001, early 2002 time frame, the number of financially credible 

dermatology development companies in the United States was limited. My 

recollection, refreshed by reviewing the January 2002 Caribbean Derm Meeting 

program, is that the following were the significant players: 

1, Johnson &Johnson, Neutrogena, Ortho Derm (related, treated as 
one); 
2, Novartis Pharmaceuticals; 
3, Medicis; 
4, Allergan; 
5, Galderma; 
6, Fujisawa; 
7. Ferndale Laboratories; 
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8, Stiefel; and 
9. Connetics; 

 

14. At the time, Collagenex was just emerging into the group of significantly credible 

dermatology development companies. At the outside, if I have forgotten any players, 

or if I was unaware of a few companies that  I might have wished to have been 

aware of, the number of significantly credible dermatology development companies 

in the United States cannot have exceeded 15 in late 2001 or early 2002. 

15. Collagenex's motive for changing of the 2002 Agreement to create the 2004 

Agreement were represented to me to be those financial motives outlined in the 

Sköld Decl. Exhibit D, with one caveat. Later in negotiations, Collagenex's General 

Counsel, Nancy Broadbent, represented to me that styling the agreement as an 

acquisition would allow Collagenex to treat its expenses as capital expenses, and 

not a mere expense. In other words, Collagenex was seeking a more favorable 

accounting treatment. As represented to me by Collagenex, the substance of the 

agreement, other tshan the timing of payments, was intended to remain the same. 

16. As a private individual, I am the custodian of physical and electronic document 

copies for my Restoraderm enterprise. As to the documents indicated below, and 

attached hereto, I testify as follows: 

ズ Sköld Decl. Exhibit A: 11 February 2012 Cooperation, Development and 

Licensing Agreement ("2002 Agreement"): This is a true copy of the 

agreement, as found in my physical files. I received this document from 

Collagenex soon after its execution by Collagenex and myself. I stored the 
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document in the ordinary course of business, as I do comparable important 

business documents. 

ズ Sköld Decl. Exhibit B: Epitan Agreement dated 9 May 2003, SKOLD-

000014-35 and SKOLD-001950: This is a true copy of the agreement, as 

found in my physical files. I received this document from Collagenex soon 

after its execution by Collagenex and myself. I stored the document in the 

ordinary course of business, as I do comparable important business 

documents. 

ズ Sköld Decl. Exhibit C: Collagenex General Counsel's Letter of 12 February 

2008, SKOLD-000658-63: This is a true copy of the letter, as found in my my 

computers as an attachment from my attorneys at Wiggin and Dana. I 

received this document soon after its receipt by Wiggin and Dana. I stored the 

document in the ordinary course of business, as I do comparable important 

business documents. 

ズ Sköld Decl. Exhibit D: Ashley Email dated 9 December 2003, SKOLD-

000036: This is a true copy of the email, as found in my computers. I received 

this document from Collagenex. I stored the document in the ordinary course 

of business, as I do comparable important business documents. 

ズ Sköld Decl. Exhibit E: SKOLD-000011 (Mode of Action): This is a true copy 

of the Mode of Action document, as found in my physical files. I personally 

prepared this document. I stored the document in the ordinary course of 

business, as I do comparable important business documents. 
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(Collagenex Letter of 12 Feb. 2008) 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD 

In the Matter of Registration Nos. 2985751; and 3394514 
 
Dated: August 16, 2005 & March 11, 2008, Respectively 
__________________________________   
Thomas Sköld, )  
 Petitioner, )  
  ) 
 v. ) 
  )      Cancellation No. 92052897  
Galderma Laboratories, Inc., ) 

Registrant ) 
__________________________________ )  
 

DECLARATION OF JEFFREY S. DAY 

 
I, Jeffrey S. Day, declare as follows: 

 

1. I am over the age of eighteen (18) and am competent to make this declaration. 

2. I have personal knowledge of the matters which are the subject of this declaration.  

3. I have been employed in the pharmaceutical industry, with a particular focus on 

dermatology, since the late 1980s. Soon after 12 September 2001, Collagenex 

Pharmaceuticals, Inc. acquired the assets of a dermatology products company that I 

founded, Rx-Pharma Pharmaceuticals, Inc., and I became vice president, 

dermatology at Collagenex.  remained in that position until about September 2004. 

Since 2005, I have been a founder and the CEO of Quinnova Pharmaceuticals, Inc. 

(originally named Princeton Pharmaceuticals), which since December 2010 has 

been an affiliate of Amneal Enterprises, LLC. Quinnova focuses on dermatology. I 

have, and in 2001 and 2002 I had, expertise is the dermatology marketplace. 

4. I attended a meeting between Thomas Sköld and Collagenex at Collagenex's 

Newton, Pennsylvania location on or about 12 September 2001, the day after the 
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memorable day of 11 September 2001. In the meeting, Sköld presented the 

Restoraderm topical formulation technology, his services in developing specific 

Restoraderm formulations, and his availability to provide specific formulations within 

the technology, for example formulations carrying specific drugs. I recall seeing, in 

connection with that meeting, a document with content substantially the same, if not 

identical to, that attached hereto as Sköld Decl. Exhibit E (SKÖLD-000011, Mode of 

Action, associated herewith when I executed this Declaration), and which used the 

term "Restoraderm" to identify the topical formulation technology. 

5. In November and December of 2001 Sköld transported samples of skin-care 

formulations labeled "Restoraderm" to Collagenex. Some of the samples were 

transported from Sweden by Sköld, and some were mailed to me from Sweden. 

Sköld further delivered such samples to me and Collagenex at the Caribean Derm. 

meeting in Puerto Rico, which meeting occurred on or about 18 January 2002.. 

6. Primary participants of the 12 September 2001 meeting  were Sköld, Brian M. 

Gallagher, president of Collagenex, Robert A. Ashley, senior vice president, 

Commercial Development, of Collagenix, and myself. These officers remained 

together at Collagenex through at least about mid-year 2004. 

7. The services and product Sköld was selling at the 12 September 2001 meeting were 

for formulation of new dermatology products in the new vehicle he invented. This 

type of service is to be sold on an exclusive or a well-defined exclusive field-of-use 

basis, or would be without substantial value. Accordingly, it is normal in the industry 
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that selling of the services is to a limited number of entities. It is normal that limited 

samples are provided (if at all) in selling presentations. 

8. I am familiar with the process that lead to the 2002 Agreement between Sköld and 

Collagenex, and I am certain that Sköld would not have gained the 2002 contract 

with Collagenex if he had not, as he did, send samples to Collagenex in November 

and December 2001. 

9. Collagenex's motive for changing of the 2002 Agreement to create the 2004 

Agreement were financial motives such as outlined in the Sköld Decl. Exhibit D 

(Ashley Email dated 9 December 2003, associated herewith when I executed this 

Declaration). The substance of the agreement, other than the timing of payments, 

was intended to remain the same. 

10. In the late 2001, early 2002 time frame, the number of financially credible 

dermatology development companies in the United States was limited. My 

recollection is that the following were the significant players: 

1, Johnson & Johnson, Neutrogena, Ortho Derm (related, treated as 
one); 

2, Novartis Pharmaceuticals; 
3, Medicis; 
4, Allergan; 
5, Galderma; 
6, Fujisawa; 
7. Ferndale Laboratories; 
8, Stiefel; and 
9. Connetics; 

 

11. At the time, Collagenex was just emerging into the group of significantly credible 

dermatology development companies. At the outside, if I have forgotten any players, 
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

BEFORE THE TRADEMARK TRIAL AND APPEAL BOARD 

In the Matter of Registration Nos. 2985751; and 3394514 
 
Dated: August 16, 2005 & March 11, 2008, Respectively 
___________________________________   
Thomas Sköld, )  
 Petitioner, )  
  ) 
 v. ) 
  )      Cancellation No. 92052897  
Galderma Laboratories, Inc., ) 

Registrant ) 
___________________________________ )  
 

DECLARATION OF ARTHUR E. JACKSON 

 
I, Arthur E. Jackson, declare as follows: 

 

1. I am Counsel at the law firm of Moser Taboada and counsel for Petitioner Thomas 

Sköld in this Cancellation. 

2. I am over the age of eighteen (18) and am competent to make this declaration. 

3. I have personal knowledge of the matters which are the subject of this declaration. 

4. This declaration is made to authenticate certain documents in support of Petitioner’s 

response to Registrant’s Motion for Partial Summary Judgment and confirm certain 

facts in connection with this Cancellation. 

5. Exhibit A hereto is a true and correct copy of a web page obtained at 

http://business.highbeam.com/industry-reports/equipment/electron-tubes on 10 May 

2013, as a first page result of a Google search of "size of the vacuum tube market". 

The relevance is to assist in distinguishing the cited case law: Westrex Corp. v. New 

Sensor Corp., 83 U.S.P.Q.2d 1215, 1217 (T.T.A.B. 2007). 

6. Exhibit B hereto is a true and correct copy of a web page obtained at 

http://en.wikipedia.org/wiki/Tube_sound. The relevance is to assist in distinguishing 
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(Electron Tubes Market Report) 
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vwdgu"ygtg"cnuq"wugf"kp"dtqcfecuvkpi"vtcpuokvvgtu0"Xcewwo"vwdgu."qpeg"vjg"rtkoct{"gngogpv"kp
gngevtkecn"ektewkvu."ygtg"ockpn{"wugf"kp"crrnkecvkqpu"yjgtg"nqy"pqkug"cpf"jkij"htgswgpe{"ygtg
kpxqnxgf0

Dcemitqwpf"cpf"Fgxgnqrogpv
Gngevtqp"vwdgu"ygtg"vjg"rtkpekrcn"eqorqpgpvu"qh"cnoquv"cnn"gngevtqpke"ektewkvu"cpf"gswkrogpv"wpvkn
ugokeqpfwevqtu"ygtg"fgxgnqrgf"cpf"dgicp"vq"tgrnceg"vjgo"kp"vjg"ncvg"3;62u"cpf"3;72u0"Vjg"hktuv
crrnkecvkqp"qh"ETV"vgejpqnqi{"ycu"hqt"cp"queknnqueqrg"kp"3:;9."cpf"vjg"hktuv"vgngxkukqp"wukpi"c"ETV
ycu"fgxgnqrgf"kp"vjg"ncvg"3;42u0"Eqoogtekcn"rtqfwevkqp"qh"oqpqejtqog"vgngxkukqp"rkevwtg"vwdgu
dgicp"kp"vjg"ncvg"3;62u0"Chvgt"Yqtnf"Yct"KK."W0U0"gngevtqp"vwdg"ocpwhcevwtgtu"hqwpf"c"fkxgtug"cpf
nwetcvkxg"octmgv"kp"fghgpug"crrnkecvkqpu."tcpikpi"htqo"tcfct"vq"eqoowpkecvkqp"cpf"eqpvtqn
gswkrogpv0

D{"vjg"okf/3;;2u."vjg"hcuvguv/itqykpi"ugiogpv"qh"vjg"VX"rkevwtg"vwdg"octmgv"ycu"dki/uetggp"VXu
vjcv"rtqxkfgf"htqo"53"vq"7:"kpejgu"qh"xkgycdng"uetggp"kocig0"Fgurkvg"vjg"hcev"vjcv"d{"vjg"okf/3;;2u
pgctn{"gxgt{"W0U0"jqog"jcf"cv"ngcuv"qpg"VX."vjgtg"ygtg"440;"oknnkqp"fktgev/xkgy"VXu"uqnf"kp"3;;;0"Kp
3;;6"oqtg"vjcp"48"oknnkqp"eqnqt"VXu"ygtg"uqnf"kp"vjg"Wpkvgf"Uvcvgu0"Urwttgf"qp"d{"fgocpf"vjcv"ycu
rtqlgevgf"vq"tgcej"&42"dknnkqp"d{"vjg"vwtp"qh"vjg"egpvwt{."kpfwuvt{"hktou"ocfg"ukipkhkecpv"uvtkfgu"kp
kortqxkpi"vjg"ETV)u"tguqnwvkqp."dtknnkcpeg."uk¦g."gpgti{"wucig."cpf"equv0"Vgngxkukqp"vwdgu"cpf
eqorwvgt"oqpkvqtu"dgecog"hncvvgt"cpf"dkiigt"cu"vjg"uvcpfctf"36/kpej"RE"oqpkvqt."hqt"gzcorng."icxg
yc{"vq"39/"cpf"gxgp"42/kpej"oqfgnu="fkikvcn"ektewkvu"ygtg"wugf"vq"gpjcpeg"rkevwtg"swcnkv{="cpf
cfxcpegu"kp"pqp/gngevtqp"vwdg"vgejpqnqi{"ygtg"fgxgnqrgf"uq"swkemn{"vjcv"vjg"ETV"kvugnh"uggogf
fguvkpgf"hqt"qpn{"pkejg"wugu"kp"urgekcnk¦gf"crrnkecvkqpu0

Kp"vjg"3;;2u"vjg"ETV"ugevqt"qh"vjg"gngevtqp"vwdg"kpfwuvt{"eqpvkpwgf"vq"guvcdnkuj"kvugnh"cu"vjg"ugevqt)u
rtkoct{"tgxgpwg"ocejkpg0"Fgurkvg"c"ftqr"kp"iqxgtpogpv"urgpfkpi"hqt"oknkvct{/tgncvgf"ETV"fkurnc{
vgejpqnqikgu."vjg"eqpuwogt"eqorwvgt"ETV"cpf"vgngxkukqp"vwdg"octmgvu"rtqxkfgf"oqtg"vjcp"gpqwij
fgocpf"vq"hwgn"vjg"kpfwuvt{)u"eqpvkpwgf"itqyvj0"Dgvyggp"3;;6"cpf"3;;;."vjg"xcnwg"qh"RE"u{uvgo
ucngu."yjkej"kpenwfgf"c"ETV"oqpkvqt."itgy"cnoquv"99"rgtegpv0"Eqpewttgpv"gzrcpukqp"qeewttgf"kp"vjg
pwodgt"qh"u{uvgou"uqnf."yjkej"kpetgcugf"qxgt"vjg"ucog"rgtkqf"d{"343"rgtegpv0"C"vqvcn"qh";207
oknnkqp"ETVu"ygtg"uqnf"kp"3;;:."igpgtcvkpi"c"&3904"dknnkqp"octmgv"ujctg"qh"vjg"gngevtqp"vwdg"kpfwuvt{0

Kp"vjg"ncvg"3;;2u."vjg"dcvvng"dgvyggp"vjg"eqorwvgt"ETV"cpf"vjg"hncv"rcpgn"fkurnc{"*HRF+"kpvgpukhkgf0
Fgxgnqrgf"kp"vjg"Wpkvgf"Uvcvgu."dwv"ncvgt"eq/qrvgf"d{"Lcrcpgug"hktou."vjg"HRF"gpeqorcuugf
ugxgtcn"fkurnc{"vgejpqnqikgu."htqo"cevkxg"cpf"rcuukxg"ocvtkz"NEFu"vq"hkgnf"gokuukqp."oketqokttqt.
fkcoqpf"gokuukqp."cpf"pgqp/"qt"zgpqp/dcugf"icu"rncuoc"fkurnc{u0"D{"vjg"ncvg"3;;2u."HRF
ocpwhcevwtgtu"jcf"qxgteqog"jwtfngu"kp"HRF"fgukip"eqorngzkv{"cpf"uwdugswgpv"jkij"equv"cpf"vjg
vgejpqnqi{)u"jkij"rqygt"tgswktgogpvu0"Cv"qpg"vkog."vjg"qpn{"ETV"octmgvu"koogfkcvgn{"vjtgcvgpgf
d{"HRFu"ygtg"rqkpv/qh/ucng"vgtokpcnu."ogfkecn"kocikpi"crrnkecvkqpu."cpf"fkurnc{u"hqt"kpuvtwogpvcvkqp
cpf"hcevqt{"cwvqocvkqp0"Jqygxgt."cv"vjg"gpf"qh"vjg"vygpvkgvj"egpvwt{."ocpwhcevwtgtu"jcf"dtqmgp"qwv
qh"vjg"ncrvqr"cpf"cxkqpkeu"fkurnc{"octmgvu"kpvq"vjg"vgngxkukqp"vwdg"cpf"RE"oqpkvqt"octmgvu"vjcv
eqortkugf"vjg"gngevtqp"vwdg)u"jqog"vwth0

HRF"vgejpqnqi{"dgicp"vq"dg"crrnkgf"kp"c"ykfg"xctkgv{"qh"yc{u"cv"vjg"gpf"qh"vjg"3;;2u0"Ceeqtfkpi"vq
vjg"W0U0"Fkurnc{"Eqpuqtvkwo."kppqxcvkxg"wugu"kpenwfgf"cpcn{vkecn"gswkrogpv."eqphgtgpeg"tqqo
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gswkrogpv."octkpg"kpuvtwogpvu."jcpf/jgnf"fgxkegu."gngevtqpke"dqqmu."rcuugpigt"gpvgtvckpogpv
u{uvgou."cpf"jqog"crrnkcpegu0"Ewvvkpi/gfig"vgejpqnqi{"cnuq"kpenwfgf"hkgnf"gokuukqp"fkurnc{u
*HGFu+0"Ceeqtfkpi"vq"Gngevtqpke"Dwukpguu."tgxgpwgu"htqo"hncv"rcpgn"fkurnc{"ucngu"cv"vjg"gpf"qh"3;;;
ygtg"guvkocvgf"cv"&33"dknnkqp0

Vjtqwijqwv"vjg"3;;2u."jkij"tguqnwvkqp"JFVX"ycu"octmgvgf"cu"vjg"pgzv"itgcv"cfxcpeg"kp"vgngxkukqp
vgejpqnqi{0"Dgecwug"kvu"uwrgtkqtkv{"ycu"qpn{"pqvkegcdng"kp"62/kpej"uetggpu."vjg"tguwnvkpi"kpetgcugu
kp"VX"vwdg"uk¦g"urgnngf"oqtg"vtqwdng"hqt"vjg"gngevtqp"ETV)u"hwvwtg0"Cu"vjg"tguqnwvkqp"qh"vgngxkukqp
uetggpu"kpetgcugf."vjg"dtkijvpguu"qh"vjg"vtcfkvkqpcn"ETV"hgnn."cpf"vjg"HRF"dgecog"pq"oqtg
gzrgpukxg"vjcp"c"eqorctcdn{"uk¦gf"ETV."dwv"ycu"97"rgtegpv"vjkppgt0"Kp"cffkvkqp."vjg"fkuvkpevkqp
dgvyggp"vjg"vgngxkukqp"vwdg"cpf"vjg"eqorwvgt"oqpkvqt"vjtgcvgpgf"vq"xcpkuj"cu"vgejpqnqikgu"nkmg
¥gpkvj)u"$PgvXkukqp$"cnnqygf"eqpuwogtu"vq"ycvej"VX"qt"uwth"vjg"Yqtnf"Ykfg"Ygd"htqo"vjg"ucog
uetggp0

Kpfwuvt{"ujkrogpvu"fgenkpgf"htqo"&50:4"dknnkqp"kp"3;;;"vq"&5078"dknnkqp"kp"4222."yjkng"vjg"equv"qh
ocvgtkcnu"kpetgcugf"htqo"&402:"dknnkqp"vq"&4043"dknnkqp0"Kpfwuvt{"gornq{ogpv"fgenkpgf"uvgcfkn{"vjtqwij
vjg"ncvg"3;;2u"cpf"4222."hcnnkpi"htqo"43.878"kp"3;;9"vq"38.3:9"kp"42220"Vjg"pwodgt"qh"rtqfwevkqp
yqtmgtu"qxgt"vjku"rgtkqf"ftqrrgf"htqo"38.996"vq"34.93:0

Vjg"gngevtqp"vwdg"kpfwuvt{"eqpvkpwgf"vq"fgenkpg"fwtkpi"vjg"gctn{"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg
4222u"kp"tgurqpug"vq"vjg"geqpqoke"tgeguukqp."rtkeg"gtqukqp."cpf"ujkhvkpi"eqpuwogt"fgocpfu0
Ujkrogpv"xcnwgu"kp"4224"ygtg"&4067"dknnkqp."fqyp"46"rgtegpv"htqo"4223"cpf"58"rgtegpv"htqo"3;;:0
Vq"nkokv"nquugu."vjg"kpfwuvt{"tgfwegf"ecrkvcn"gzrgpfkvwtgu"97"rgtegpv"fwtkpi"4224."htqo"&384"oknnkqp
kp"4223"vq"lwuv"&6203"oknnkqp"kp"42240

D{"vjg"ncvg"4222u."vjg"hwvwtg"qh"ETVu"ycu"wpegtvckp0"Vjg"ucngu"qh"ETV/dcugf"eqorwvgt"oqpkvqtu
ygtg"unkrrkpi0"Kp"4225."W0U0"ucngu"qh"NEF"oqfgnu"qwvrcegf"ETVu"hqt"vjg"hktuv"vkog0"Eqpuwogt
fgocpf."hcnnkpi"rtkegu"qh"NEF"oqfgnu."cpf"eqorwvgt"rcemcikpi"fgcnu"urwttgf"vjg"kpetgcugf"NEF
ucngu0"Ceeqtfkpi"vq"tgugctej"hkto"kUwrrnk1Ucphqtf"Tguqwtegu."vjg"cxgtcig"ugnnkpi"rtkeg"qh"c"39/kpej
NEF"oqpkvqt"hgnn"htqo"&;37"kp"4223"vq"&493"kp"42270"Qp"vjg"qvjgt"jcpf."c"39/kpej"ETV"oqpkvqt"vjcv
equv"cp"cxgtcig"qh"&435"kp"4223"uqnf"hqt"crrtqzkocvgn{"&322"kp"42270"Tgurqpfkpi"vq"eqpuwogt
fgocpf."eqorwvgt"uwrrnkgtu"nkmg"Fgnn"qhhgtgf"ciitguukxg"rcemcikpi"fgcnu"vjcv"kpenwfgf"cp"NEF
oqpkvqt0

Kp"4226."inqdcn"ujkrogpvu"qh"NEF"oqpkvqtu"qxgtvqqm"ETVu"hqt"vjg"hktuv"vkog0"Ceeqtfkpi"vq"vjg"Lcrcp
Gngevtqpkeu"cpf"Kphqtocvkqp"Vgejpqnqi{"Kpfwuvtkgu"Cuuqekcvkqp."ucngu"qh"NEF"oqpkvqtu"itgy"58
rgtegpv"fwtkpi"4226."vq"89086"oknnkqp"wpkvu."yjkng"ETV"oqpkvqt"ucngu"hgnn"33"rgtegpv"vq"7;086"oknnkqp
wpkvu0"D{"vjg"ncvg"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u."NEF"oqpkvqtu"enckogf"cu"owej"cu"97
rgtegpv"qh"vjg"octmgv0

Yjkng"NEF"oqpkvqtu"ctg"swkemn{"qwvrcekpi"ETV"oqpkvqtu."ETVu"eqpvkpwg"vq"jqnf"vjgkt"qyp"kp"vjg
vgngxkukqp"octmgv"cpf"ctg"gzrgevgf"vq"eqpvkpwg"vq"fq"uq"wpvkn"vjg"rtkeg"hqt"hncv"rcpgn"oqfgnu"hcnnu
dgnqy"&7220"Kp"vjg"gctn{"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u."ETV/dcugf"vgngxkukqp"ugvu"ceeqwpvgf
hqt"pgctn{";:"rgtegpv"qh"cnn"ucngu."cpf"kp"4227"ETVu"eqpvkpwgf"vq"jqnf"crrtqzkocvgn{":7"rgtegpv"qh
vjg"octmgv0

Fgurkvg"vjg"eqpvkpwgf"uvtqpi"rgthqtocpeg"qh"ETVu"kp"vjg"vgngxkukqp"ugevqt."vjg"hwvwtg"uggou"vq"rqkpv
vqyctf"hncv"rcpgnu0"Kp"c"Fgegodgt"3."4225"ctvkeng"kp"Rqrwnct"Uekgpeg"gpvkvngf"$ETV."T0K0R0.$"cwvjqt
Octm"Cpfgtu"pqvgf."$ETVu"yknn"rtqdcdn{"dg"ctqwpf"hqt"cpqvjgt"fgecfg."dwv"gxgp"vqfc{"vjg"nctigt"c
VX"ku."vjg"nguu"nkmgn{"kv"ku"vq"dg"rqygtgf"d{"qpg0"Vwdgu"ctg"lwuv"vqq"dki"cpf"jgcx{0"0"0"0"Qh"eqwtug."vjg
ETV"yqp)v"dg"eqorngvgn{"uwrrncpvgf"wpvkn"uocnn/uecng"hncv"rcpgnu"*wpfgt"3;"kpejgu+"ecp"eqorgvg"qp
rtkeg0$"Jqygxgt."rtkegu"ygtg"eqokpi"fqyp"qp"hncv"rcpgnu"cu"ugvu"vjcv"qpeg"equv"&32.222"equv"&4.722
d{"vjg"okf/{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u"cpf"ftqrrgf"hwtvjgt"kp"vjg"fgecfg)u"ncvg"{gctu"vq
yjgtg"uqog"eqwnf"dg"rwtejcugf"hqt"nguu"vjcp"&3.2220

Pqpgvjgnguu."ETVu."yjkej"ecp"dg"rwtejcugf"kp"eqorctcdng"uk¦g"vq"hncv"rcpgnu"hqt"&522."eqpvkpwgf"vq
ngcf"kp"vjg"rtkeg"yctu"kp"vjg"gctn{"{gctu"qh"vjg"hktuv"fgecfg"qh"vjg"4222u0"Kp"cffkvkqp."ETV"ocmgtu
ygtg"pqv"tgcf{"vq"eqpegfg"vjg"octmgv"vq"NEFu0"Ugxgtcn"ocpwhcevwtgtu"ygtg"yqtmkpi"qp"pgy
vgejpqnqi{"vq"fgetgcug"vjg"uk¦g"cpf"ygkijv"qh"ETV"oqfgnu."cpf"ETV"hncv"rcpgn"vgejpqnqi{"cnuq"ku
dgkpi"cfxcpegf0

Ewttgpv"Eqpfkvkqpu
Ceeqtfkpi"vq"Cwuvkp/dcugf"octmgv"tgugctej"cpf"eqpuwnvkpi"hkto"Fkurnc{Ugctej."NEF"VX"ujkrogpvu
vqvcngf"327"oknnkqp"wpkvu"kp"422:."wr"55"rgtegpv"eqorctgf"vq"vjg"rtgxkqwu"{gct0"Oqtg"korqtvcpvn{.
vjku"octmgf"vjg"hktuv"vkog"NEF"VX"ucngu"uwtrcuugf"ETV"VX"ucngu0"Qpg"tgcuqp"fgocpf"hqt"NEF"VXu
ycu"qwvrcekpi"ETV"VXu"ycu"eqpuwogtu"ygtg"rtgrctkpi"hqt"vjg"wreqokpi"uykvej"htqo"cpcnqi"vq
fkikvcn"vgngxkukqp"uejgfwngf"hqt"Lwpg"422;."cv"yjkej"vkog"vgngxkukqp"dtqcfecuvkpi"ycu"iqkpi"fkikvcn0
Cpqvjgt"tgcuqp"hqt"vjg"rqrwnctkv{"qh"vjg"NEF"VX"ycu"vjcv"rtkegu"ygtg"hcnnkpi"42"vq"52"rgtegpv"qt"oqtg
cppwcnn{0"Kp"hcev."Vjg"Kphqtocvkqp"Pgvyqtm"rtqlgevgf"rcpgnu"hqt"NEF"VXu"yqwnf"itqy"4808"rgtegpv"kp
422;0"Inqdcn"ETV"VX"ujkrogpvu"ygtg"rtqlgevgf"vq"fgenkpg"vq"54"oknnkqp"wpkvu"cu"fgocpf"eqpvkpwgf
vq"hcfg"kp"42320

Kp"422;"inqdcn"ujkrogpvu"hqt"oqpkvqt"NEF"rcpgnu"ygtg"gzrgevgf"vq"fgenkpg"d{"39"rgtegpv"vq"3660;
oknnkqp"wpkvu."yjkng"rcpgnu"hqt"pqvgdqqmu"ygtg"rtqlgevgf"vq"kpetgcug"d{"4808"rgtegpv"vq"399"oknnkqp
wpkvu0"Ceeqtfkpi"vq"tgugctej"hkto"KFE."vjg"NEF"octmgv"eqoocpfgf"pgctn{";9"rgtegpv"qh"vjg"vqvcn"RE
oqpkvqt"octmgv"d{"vjg"ugeqpf"swctvgt"qh"4232."yjkej"nghv"cdqwv"vjtgg"rgtegpv"octmgv"ujctg"hqt"vjg
ETV"octmgv"ockpn{"kp"vjg"$nqygt"gfwecvkqp"ugiogpv.$"dwv"ycu"kpetgcukpin{"ngcpkpi"vqyctf"vjg"NEF
octmgv0"$Ykvj"lwuv"enqug"vq"5"rgtegpv"octmgv"ujctg."vjg"ETV"ku"cnoquv"fgcf.$"Xctwp"Ciictycn"pqvgf
kp"ETP."kp"Pqxgodgt"42320

C"tgrqtv"tgngcugf"d{"vjg"Eqpuwogt"Gngevtqpkeu"Cuuqekcvkqp"*EGC+"vkvngf"$Ocvgtkcnu"Hqqvrtkpv
Tgfwevkqp"qh"Vgngxkukqpu"cpf"Eqorwvgt"Oqpkvqtu<"4226/4232$"enckogf"vjcv"hncv"uetggp"VXu"ygtg"97
rgtegpv"uocnngt"cpf":4"rgtegpv"nkijvgt"vjcp"rtgegfkpi"ETV"VXu0"Cu"qh"4233."vjgtg"ygtg"oknnkqpu"qh
ETV"VXu"cpf"oqpkvqtu"kp"wug"inqdcnn{."yjkej"ogcpu"vjcv"qxgt"vjg"eqokpi"{gctu"vjg"oclqtkv{"qh
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Nkmg 2 VyggvVyggv 2 2

Ykrq"Rwdnkujgu"Rcvgpv"qh"Vqujkdc"Gngevtqp"Vwdgu"("Fgxkegu."Mcdwujkmk
Mckujc"Vqujkdc."Jkfgtq"Cppq."Vqoqpctk"Kujkjctc."Vgvuw{c"[qpg¦cyc.
Jctwpqdw"Hwmwujkoc."Ejkjctw"Vcfqmqtq"cpf"Jkvqujk"Jcvvqtk"hqt"$Eqqncpv
Fgxkeg."Z/Tc{"Eqorwvgt"Vqoqitcrj{"Fgxkeg"cpf"Z/Tc{"Eqorwvgt
Vqoqitcrj{"Fgxkeg"Ockpvgpcpeg"Ogvjqf$"*Lcrcpgug"Kpxgpvqtu+"
WU"Hgf"Pgyu"Ugtxkeg."Kpenwfkpi"WU"Uvcvg"Pgyu="Hgdtwct{"3:."4235="654
yqtfu"000TC["EQORWVGT"VQOQITCRJ["FGXKEG."CPF"Z/TC["EQORWVGT
VQOQITCRJ["FGXKEG"OCKPVGPCPEG"OGVJQF0$Crrnkecpvu<"Vqujkdc
Gngevtqp"Vwdgu"("Fgxkegu"Eq0"Nvf0"*LR+."MCDWUJKMK"MCKUJC"VQUJKDC"*LR+.
Jkfgtq"Cppq"*LR+."Vqoqpctk"Kujkjctc"*LR+."Vgvuw{c000

WU"Rcvgpv"Kuuwgf"vq"Mcdwujkmk"Mckujc"Vqujkdc."Vqujkdc"Gngevtqp"Vwdgu"(
Fgxkegu"qp"Hgd0"7"hqt"$Tcfkcvkqp"Fgvgevkqp"Crrctcvwu"cpf"Tcfkqitcrjke
Crrctcvwu$"*Lcrcpgug"Kpxgpvqtu+"
WU"Hgf"Pgyu"Ugtxkeg."Kpenwfkpi"WU"Uvcvg"Pgyu="Hgdtwct{";."4235="6:7
yqtfu"000Uvcvgu"Rcvgpv"pq0":.588.53;."kuuwgf"qp"Hgd0"7."ycu"cuukipgf"vq
Mcdwujkmk"Mckujc"Vqujkdc"*Vqm{q+"cpf"Vqujkdc"Gngevtqp"Vwdgu"("Fgxkegu"Eq0
Nvf0"*Vqejkik/Mgp."Lcrcp+0$Tcfkcvkqp"Fgvgevkqp"Crrctcvwu"cpf"Tcfkqitcrjke
Crrctcvwu$"ycu000

WU"Rcvgpv"Kuuwgf"vq"Mcdwujkmk"Mckujc"Vqujkdc."Vqujkdc"Gngevtqp"Vwdgu"(
Fgxkegu"qp"Fge0"3:"hqt"$Kocig"Kpvgpukhkgt$"*Lcrcpgug"Kpxgpvqt+"
WU"Hgf"Pgyu"Ugtxkeg."Kpenwfkpi"WU"Uvcvg"Pgyu="Fgegodgt"46."4234="5:7
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cornkhkgt"fgukipu"kpvq"eqpukfgtcvkqp."cpf"vjgtg"ctg"ocp{0"Egtvckpn{"vjgug"cwfkdng"fkhhgtgpegu"ctg"fwg"vq"fkuvqtvkqp
v{rgu<"jctoqpke."fkuvtkdwvkqp."ngxgn"cpf"ocp{"qvjgt"hcevqtu0

Vjqug"yjq"uwduetkdg"vq"ogcuwtgogpv"cpf"uekgpvkhkecnn{/dcugf"crrtqcejgu"vq"jkij"hkfgnkv{"pqvg"vjcv"kp"igpgtcn."uqnkf
uvcvg"fgukipu"ecp"dg"ocpwhcevwtgf"ykvjqwv"qwvrwv"vtcpuhqtogtu"cpf"ctg"vjgtghqtg"koowpg"vq"urgcmgt/fgrgpfgpv
korgfcpeg"okuocvejgu"cpf"qvjgt"vtcpuhqtogt"ghhgevu"yjkej"cnvgt"vjg"u{uvgo"urgevtcn"tgurqpug0"Qp"vjg"qvjgt"jcpf.
twngt"hncv"htgswgpe{"tgurqpug"fqgu"pqv"pgeguuctkn{"ogcp"c"iqqf"uqwpfkpi"cornkhkgt0"Kv"ujqwnf"dg"pqvgf"vjcv"vjg
nqwfurgcmgt"kvugnh"*tgictfnguu"qh"rtkeg+"yknn"nkmgn{"rtqfweg"oqtg"fkuvqtvkqpu"*pqp/nkpgctkv{"cpf"wpgxgp"htgswgpe{
tgurqpug+"vjcp"cp{"qvjgt"rctv"qh"vjg"u{uvgo0"V{rkecnn{."kp"uqwpf"tgrtqfwevkqp"u{uvgou."ceewtcvg"tgrtqfwevkqp"qh"vjg
uqwpf"qh"vjg"qtkikpcn"tgeqtfkpi"ku"vjg"iqcn="fkuvqtvkqp"cpf"wpgxgp"urgevtcn"tgurqpug"ykvjkp"vjg"cwfkdng"htgswgpe{
dcpf"ku"uqogvjkpi"fgukipgtu"fgnkdgtcvgn{"uggm"pqv"vq"kpvtqfweg0]5_

Owukecn"kpuvtwogpv"cornkhkecvkqp

Uqog"owukekcpu]6_"cnuq"rtghgt"vjg"fkuvqtvkqp"ejctcevgtkuvkeu"qh"vwdgu"qxgt"vtcpukuvqtu"hqt"gngevtke"iwkvct."dcuu."cpf
qvjgt"kpuvtwogpv"cornkhkgtu0"Kp"vjku"ecug."igpgtcvkpi"fgnkdgtcvg"*cpf"uqogvkogu"eqpukfgtcdng."kp"vjg"ecug"qh"gngevtke
iwkvctu+"cwfkdng"fkuvqtvkqp"qt"qxgtftkxg"ku"wuwcnn{"vjg"iqcn0"Vjg"vgto"ecp"cnuq"dg"wugf"vq"fguetkdg"vjg"uqwpf"etgcvgf
d{"urgekcnn{/fgukipgf"vtcpukuvqt"cornkhkgtu"qt"fkikvcn"oqfgnkpi"fgxkegu"vjcv"vt{"vq"enqugn{"gowncvg"vjg"ejctcevgtkuvkeu
qh"vjg"vwdg"uqwpf0

Vjg"vwdg"uqwpf"ku"qhvgp"uwdlgevkxgn{"fguetkdgf"cu"jcxkpi"c"$yctovj$"cpf"$tkejpguu$."dwv"vjg"uqwteg"qh"vjku"ku"d{"pq
ogcpu"citggf"qp0"Kv"oc{"dg"fwg"vq"vjg"pqp/nkpgct"enkrrkpi"vjcv"qeewtu"ykvj"vwdg"coru."qt"fwg"vq"vjg"jkijgt"ngxgnu"qh
ugeqpf/qtfgt"jctoqpke"fkuvqtvkqp."eqooqp"kp"ukping/gpfgf"fgukipu"tguwnvkpi"htqo"vjg"ejctcevgtkuvkeu"qh"vjg"vwdg
kpvgtcevkpi"ykvj"vjg"kpfwevcpeg"qh"vjg"qwvrwv"vtcpuhqtogt0

Ugg"cnuq<"Fkuvqtvkqp"*iwkvct+"cpf"Iwkvct"ghhgevu

Cwfkdng"fkhhgtgpegu

Vjg"uqwpf"qh"c"vwdg"cornkhkgt"ku"rctvn{"c"hwpevkqp"qh"vjg"ektewkv"vqrqnqikgu"v{rkecnn{"wugf"ykvj"vwdgu"xgtuwu"vjg
vqrqnqikgu"v{rkecnn{"wugf"ykvj"vtcpukuvqtu."cu"owej"cu"vjg"ickp"fgxkegu"vjgougnxgu0"Dg{qpf"ektewkv"fgukip."vjgtg"ctg
qvjgt"fkhhgtgpegu"uwej"cu"vjg"gngevtqpke"ejctcevgtkuvkeu"qh"c"vtkqfg"cpf"OQUHGV."qt"c"vgvtqfg"cpf"c"dkrqnctPUBLIC
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vtcpukuvqt0

Vjg"nqy"htgswgpe{"tqnn/qhh"ecp"dg"gzrnckpgf"d{"ocp{"vwdg"cornkhkgtu"jcxkpi"jkij"qwvrwv"korgfcpeg"eqorctgf"vq
vtcpukuvqt"fgukipu."fwg"vq"vjg"eqodkpcvkqp"qh"dqvj"jkijgt"fgxkeg"korgfcpeg"kvugnh"cpf"v{rkecnn{"tgfwegf"hggfdcem
octikpu"*oqtg"hggfdcem"tguwnvu"kp"c"nqygt"qwvrwv"korgfcpeg+0

Jctoqpke"eqpvgpv"cpf"fkuvqtvkqp

Vtkqfgu"*cpf"OQUHGVu+"rtqfweg"c"oqpqvqpkecnn{"fgec{kpi"jctoqpke"fkuvqtvkqp"urgevtwo0"Gxgp/qtfgt"jctoqpkeu
cpf"qff/qtfgt"jctoqpkeu"ctg"dqvj"pcvwtcn"pwodgt"ownvkrngu"qh"vjg"kprwv"htgswgpe{0

Ru{ejqceqwuvke"rjgpqogpc"kpenwfg"vjg"ghhgev"vjcv"jkij/qtfgt"jctoqpkeu"ctg"oqtg"qhhgpukxg"vjcp"nqy0"Vjwu."kp
fkuvqtvkqp"ogcuwtgogpvu"vjku"ujqwnf"dg"vcmgp"kpvq"eqpukfgtcvkqp"vq"ygkijv"cwfkdng"jkij/qtfgt"jctoqpkeu"oqtg"vjcp
nqy0"Vjg"korqtvcpeg"qh"jkij/qtfgt"jctoqpkeu"uwiiguvu"vjcv"fkuvqtvkqp"ujqwnf"dg"tgictfgf"kp"vgtou"qh"vjg"eqorngvg
ugtkgu"qt"qh"vjg"eqorqukvg"ycxg/hqto"vjcv"vjku"ugtkgu"tgrtgugpvu0"Kv"jcu"dggp"ujqyp"vjcv"ygkijvkpi"vjg"jctoqpkeu"d{
vjg"uswctg"qh"vjg"qtfgt"eqttgncvgu"ygnn"ykvj"uwdlgevkxg"nkuvgpkpi"vguvu0"Ygkijvkpi"vjg"fkuvqtvkqp"ycxg/hqto
rtqrqtvkqpcnn{"vq"vjg"uswctg"qh"vjg"htgswgpe{"ikxgu"c"ogcuwtg"qh"vjg"tgekrtqecn"qh"vjg"tcfkwu"qh"ewtxcvwtg"qh"vjg
ycxg/hqto."cpf"ku"vjgtghqtg"tgncvgf"vq"vjg"ujctrpguu"qh"cp{"eqtpgtu"qp"kv0]7_"Dcugf"qp"uckf"fkueqxgt{."jkijn{
uqrjkuvkecvgf"ogvjqfu"qh"ygkijvkpi"qh"fkuvqtvkqp"jctoqpkeu"jcxg"dggp"fgxgnqrgf0]8_"Ukpeg"vjg{"eqpegpvtcvg"kp"vjg
qtkikpu"qh"vjg"fkuvqtvkqp."vjg{"ctg"oquvn{"wughwn"hqt"vjg"gpikpggtu"yjq"fgxgnqr"cpf"fgukip"cwfkq"cornkhkgtu."dwv"qp"vjg
qvjgt"jcpf"vjg{"oc{"dg"fkhhkewnv"vq"wug"hqt"vjg"tgxkgygtu"yjq"qpn{"ogcuwtg"vjg"qwvrwv0]9_

Rwuj/rwnn"cornkhkgtu"wug"vyq"pqokpcnn{"kfgpvkecn"ickp"fgxkegu"$dcem"vq"dcem$0"Qpg"eqpugswgpeg"qh"vjku"ku"vjcv"cnn
gxgp/qtfgt"jctoqpke"rtqfwevu"ecpegn."ngcxkpi"qff"qtfgt"rtqfwevu"vq"fqokpcvg0]:_"C"rwuj/rwnn"cornkhkgt"ku"uckf"vq
jcxg"c"u{oogvtke"*qff"u{oogvt{+"vtcpuhgt"ejctcevgtkuvke."cpf"ceeqtfkpin{"rtqfwegu"qpn{"qff"jctoqpkeu0

C"ukping/gpfgf"cornkhkgt"jcu"cp"cu{oogvtke"vtcpuhgt"ejctcevgtkuvke."cpf"rtqfwegu"dqvj"gxgp"cpf"qff
jctoqpkeu0];_]32_]33_"Cu"vwdgu"ctg"qhvgp"twp"ukping/gpfgf."cpf"ugokeqpfwevqt"cornkhkgtu"ctg"qhvgp"rwuj/rwnn."vjg
v{rgu"qh"fkuvqtvkqp"ctg"kpeqttgevn{"cvvtkdwvgf"vq"vjg"fgxkegu"*qt"gxgp"vjg"cornkhkgt"encuu+"kpuvgcf"qh"vjg"vqrqnqi{0
Rwuj/rwnn"vwdg"cornkhkgtu"ecp"dg"twp"kp"encuu"C."CD."qt"D0"Cnuq."c"encuu"D"cornkhkgt"oc{"jcxg"etquuqxgt"fkuvqtvkqp
vjcv"yknn"dg"v{rkecnn{"jkij"qtfgt"cpf"vjwu"uqpkecnn{"xgt{"wpfguktcdng"kpfggf0]34_

Cpqvjgt"hcevqt"ku"vjcv"vjg"fkuvqtvkqp"eqpvgpv"qh"encuu"C"ektewkvu"*UG"qt"RR+"v{rkecnn{"oqpqvqpkecnn{"tgfwegu"cu"vjg
ukipcn"ngxgn"ku"tgfwegf."cu{orvqvke"vq"¦gtq"fwtkpi"swkgv"rcuucigu"qh"owuke0"Hqt"vjku"tgcuqp"encuu"C"cornkhkgtu"ctg
gurgekcnn{"fguktgf"hqt"encuukecn"cpf"ceqwuvke"owuke"gve0"eh0"encuu"D"cpf"CD"cornkhkgtu."hqt"yjkej"vjg"cornkvwfg"qh"vjg
etquuqxgt"fkuvqtvkqp"ku"oqtg"qt"nguu"eqpuvcpv."cpf"vjwu"vjg"fkuvqtvkqp"tgncvkxg"vq"ukipcn"kp"hcev"kpetgcugu"cu"vjg"owuke
igvu"swkgvgt0"Encuu"C"cornkhkgtu"ogcuwtg"dguv"cv"nqy"rqygt."encuu"CD"cpf"D"cornkhkgtu"ogcuwtg"dguv"lwuv"dgnqy
ocz"tcvgf"rqygt0

Nqwfurgcmgtu"rtgugpv"c"tgcevkxg"nqcf"vq"cp"cornkhkgt"*ecrcekvcpeg."kpfwevcpeg"cpf"tgukuvcpeg+0"Vjku"korgfcpeg"oc{
xct{"kp"xcnwg"ykvj"ukipcn"htgswgpe{"cpf"cornkvwfg0"Vjku"xctkcdng"nqcfkpi"chhgevu"vjg"cornkhkgt)u"rgthqtocpeg"dqvj
dgecwug"vjg"cornkhkgt"jcu"hkpkvg"qwvrwv"korgfcpeg"*kv"ecppqv"mggr"kvu"qwvrwv"xqnvcig"rgthgevn{"eqpuvcpv"yjgp"vjg
urgcmgt"nqcf"xctkgu+"cpf"dgecwug"vjg"rjcug"qh"vjg"urgcmgt"nqcf"ecp"ejcpig"vjg"uvcdknkv{"octikp"qh"vjg"cornkhkgt0"Vjg
kphnwgpeg"qh"vjg"urgcmgt"korgfcpeg"ku"fkhhgtgpv"dgvyggp"vwdg"cornkhkgtu"cpf"vtcpukuvqt"cornkhkgtu."rtkpekrcnn{"dgecwug
vwdg"cornkhkgtu"pqtocnn{"wug"qwvrwv"vtcpuhqtogtu."cpf"ecppqv"wug"cu"owej"pgicvkxg"hggfdcem"fwg"vq"rjcug"rtqdngou
kp"vtcpuhqtogt"ektewkvu0"C"pqvcdng"gzegrvkqp"ku"Dgtpkpi)u"wpkswg"vwdg/vtcpuhqtogtnguu"$¥QVN$"ektewkv0
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Vjg"fgukip"qh"urgcmgt"etquuqxgt"pgvyqtmu"cpf"qvjgt"gngevtq/ogejcpkecn"rtqrgtvkgu"oc{"tguwnv"kp"c"urgcmgt"ykvj"c
xgt{"wpgxgp"korgfcpeg"ewtxg."hqt"c"pqokpcn":"っ"urgcmgt."dgkpi"cu"nqy"cu"8"っ"cv"uqog"rncegu"cpf"cu"jkij"cu"52Î
72"っ"gnugyjgtg"kp"vjg"ewtxg0"Cp"cornkhkgt"ykvj"nkvvng"qt"pq"pgicvkxg"hggfdcem"yknn"cnyc{u"rgthqto"rqqtn{"yjgp"hcegf
ykvj"c"urgcmgt"yjgtg"nkvvng"cvvgpvkqp"ycu"rckf"vq"vjg"korgfcpeg"ewtxg0

Fgukip"eqorctkuqp

Vjgtg"jcu"dggp"eqpukfgtcdng"fgdcvg"qxgt"vjg"ejctcevgtkuvkeu"qh"vwdgu"xgtuwu"dkrqnct"lwpevkqp"vtcpukuvqtu0"Vtkqfgu
cpf"OQUHGVu"jcxg"egtvckp"ukoknctkvkgu"kp"vjgkt"vtcpuhgt"ejctcevgtkuvkeu."yjgtgcu"ncvgt"hqtou"qh"vjg"vwdg."vjg"vgvtqfg
cpf"rgpvqfg."jcxg"swkvg"fkhhgtgpv"ejctcevgtkuvkeu"vjcv"ctg"kp"uqog"yc{u"ukoknct"vq"vjg"dkrqnct"vtcpukuvqt0"Fgurkvg"vjku.
g0i0"OQUHGV"cornkhkgt"ektewkvu"v{rkecnn{"fq"pqv"tgrtqfweg"vwdg"uqwpf"cp{"oqtg"vjcp"v{rkecn"dkrqnct"fgukipu."fwg"vq
vjg"ektewkv"vqrqnqi{"fkhhgtgpegu"dgvyggp"c"v{rkecn"vwdg"fgukip"cpf"c"v{rkecn"OQUHGV"fgukip0"Dwv"vjgtg"ctg
gzegrvkqpu."hqt"gzcorng"fgukipu"uwej"cu"vjg"¥gp"ugtkgu"d{"Pgnuqp"Rcuu0

Kprwv"korgfcpeg

C"ejctcevgtkuvke"hgcvwtg"qh"oquv"vwdg"cornkhkgt"fgukipu"ku"vjg"jkij"kprwv"korgfcpeg"*v{rkecnn{"322"mっ"qt"oqtg+"kp
oqfgtp"fgukipu"cpf"cu"owej"cu"3"Oっ"kp"encuuke"fgukipu0]35_"Vjg"kprwv"korgfcpeg"qh"vjg"cornkhkgt"ku"c"nqcf"hqt"vjg
uqwteg"fgxkeg0"Gxgp"hqt"uqog"oqfgtp"owuke"tgrtqfwevkqp"fgxkegu"vjg"tgeqoogpfgf"nqcf"korgfcpeg"ku"qxgt
72"mっ0]36_]37_"Vjku"kornkgu"vjcv"vjg"kprwv"qh"cp"cxgtcig"vwdg"cornkhkgt"ku"c"rtqdngo/htgg"nqcf"hqt"owuke"ukipcn
uqwtegu0"D{"eqpvtcuv."uqog"vtcpukuvqt"cornkhkgtu"hqt"jqog"wug"jcxg"nqygt"kprwv"korgfcpegu."cu"nqy"cu"37"mっ0]38_
Ukpeg"kv"ku"rquukdng"vq"wug"jkij"qwvrwv"korgfcpeg"fgxkegu"fwg"vq"vjg"jkij"kprwv"korgfcpeg."qvjgt"hcevqtu"oc{"pggf
vq"dg"ceeqwpvgf"hqt."uwej"cu"ecdng"ecrcekvcpeg"cpf"oketqrjqpkeu"kp"uwej"ecugu0

Qwvrwv"korgfcpeg

Cwfkq"cornkhkgtu"ctg"wuwcnn{"nqcfgf"d{"nqwfurgcmgtu"cpf"kp"vjg"jkuvqt{"pgctn{"cnn"nqwfurgcmgtu"jcxg"dggp
gngevtqf{pcoke"nqwfurgcmgtu."yjkng"vjgtg"gzkuvu"cnuq"okpqtkv{"qh"gngevtquvcvke"nqwfurgcmgtu"cpf"uqog"qvjgt"gxgp
oqtg"gzqvke"nqwfurgcmgtu0"Gngevtqf{pcoke"nqwfurgcmgtu"vtcpuhqto"gngevtke"ewttgpv"vq"hqteg"cpf"hqteg"vq
ceegngtcvkqp"qh"vjg"fkcitcrjo"yjkej"ecwugu"uqwpf"rtguuwtg0"Fwg"vq"vjg"rtkpekrng"qh"cp"gngevtqf{pcoke"urgcmgt.
oquv"nqwfurgcmgt"ftkxgtu"qwijv"vq"dg"ftkxgp"d{"cp"gngevtke"ewttgpv"ukipcn0"Kp"cp"kfgcn"ewttgpv"qt"vtcpueqpfwevcpeg
cornkhkgt"vjg"qwvrwv"korgfcpeg"crrtqcejgu"kphkpkv{."yjkng"rtcevkecnn{"cnn"eqoogtekcn"cwfkq"cornkhkgtu"ctg"xqnvcig
cornkhkgtu."cpf"vjgkt"qwvrwv"korgfcpegu"jcxg"dggp"kpvgpvkqpcnn{"fgxgnqrgf"vq"crrtqcej"¦gtq0"Fwg"vq"vjg"pcvwtg"qh
xcewwo"vwdgu"cpf"cwfkq"vtcpuhqtogtu."vjg"qwvrwv"korgfcpeg"qh"cp"cxgtcig"vwdg"cornkhkgt"ku"wuwcnn{"eqpukfgtcdn{
jkijgt"vjcp"qh"vjg"oqfgtp"cwfkq"cornkhkgtu"rtqfwegf"eqorngvgn{"ykvjqwv"xcewwo"vwdgu"qt"cwfkq"vtcpuhqtogtu0"Vjwu.
oquv"vwdg"cornkhkgtu"ykvj"vjgkt"jkijgt"qwvrwv"korgfcpeg"ctg"enqugt"vq"vjg"kfgc"qh"c"vtcpueqpfwevcpeg"cornkhkgt"vjcp
vjg"uqnkf"uvcvg"xqnvcig"cornkhkgtu0"Vjg"ewttgpv"ukipcn"ftkxgu"vjg"gngevtqf{pcoke"urgcmgt"oqtg"ceewtcvgn{."ecwukpi"nguu
fkuvqtvkqp"vjcp"c"xqnvcig"ukipcn0]39_]3:_]3;_
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Uqhv"enkrrkpi"ku"c"xgt{"korqtvcpv"curgev"qh"vwdg"uqwpf"gurgekcnn{"hqt"iwkvct"cornkhkgtu."cnvjqwij"c"Jk/hk"cornkhkgt
ujqwnf"pqv"pqtocnn{"gxgt"dg"ftkxgp"kpvq"enkrrkpi0"Vjg"jctoqpkeu"cffgf"vq"vjg"ukipcn"ctg"qh"nqygt"gpgti{"ykvj"uqhv
enkrrkpi"vjcp"jctf"enkrrkpi0"Jqygxgt."uqhv"enkrrkpi"ku"pqv"gzenwukxg"vq"vwdgu."kv"ecp"dg"ukowncvgf"kp"vtcpukuvqt"ektewkvu
*dgnqy"vjg"rqkpv"vjcv"tgcn"jctf"enkrrkpi"yqwnf"qeewt+0"*Ugg"$Kpvgpvkqpcn"fkuvqtvkqp$"ugevkqp+0
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Nctig"coqwpvu"qh"pgicvkxg"hggfdcem"ctg"pqv"cxckncdng"kp"vwdg"ektewkvu."fwg"vq"rjcug"ujkhv"kp"vjg"qwvrwv"vtcpuhqtogt.
cpf"ncem"qh"uwhhkekgpv"ickp"ykvjqwv"nctig"pwodgtu"qh"vwdgu0"Ykvj"nqygt"hggfdcem."fkuvqtvkqp"ku"jkijgt"cpf
rtgfqokpcpvn{"qh"nqy"qtfgt0"Vjg"qpugv"qh"enkrrkpi"ku"itcfwcn0"Nctig"coqwpvu"qh"hggfdcem."cnnqygf"d{
vtcpuhqtogtnguu"ektewkvu"ykvj"ocp{"cevkxg"fgxkegu."ngcfu"vq"pwogtkecnn{"nqygt"fkuvqtvkqp"dwv"ykvj"oqtg"jkij
jctoqpkeu."cpf"jctfgt"enkrrkpiÏcu"kprwv"kpetgcugu."vjg"hggfdcem"wugu"vjg"gzvtc"ickp"vq"gpuwtg"vjcv"vjg"qwvrwv
hqnnqyu"kv"ceewtcvgn{"wpvkn"vjg"cornkhkgt"jcu"pq"oqtg"ickp"vq"ikxg"cpf"vjg"qwvrwv"ucvwtcvgu0

Kp"vjg"tgeqtfkpi"kpfwuvt{"cpf"gurgekcnn{"ykvj"oketqrjqpg"cornkhkgtu"kv"jcu"dggp"ujqyp"vjcv"cornkhkgtu"ctg"qhvgp
qxgtnqcfgf"d{"ukipcn"vtcpukgpvu0"Vjgtg"ku"c"oclqt"fkhhgtgpeg"kp"vjg"jctoqpke"fkuvqtvkqp"eqorqpgpvu"qh"vjg"cornkhkgf
ukipcn."ykvj"vwdgu."vtcpukuvqtu."cpf"qrgtcvkqpcn"cornkhkgtu"ugrctcvkpi"kpvq"fkuvkpev"itqwru0]42_]43_

Dcpfykfvj

Gctn{"vwdg"cornkhkgtu"qhvgp"jcf"nkokvgf"tgurqpug"dcpfykfvj."kp"rctv"fwg"vq"vjg"ejctcevgtkuvkeu"qh"vjg"kpgzrgpukxg
rcuukxg"eqorqpgpvu"vjgp"cxckncdng0"Kp"rqygt"cornkhkgtu"oquv"nkokvcvkqpu"eqog"htqo"vjg"qwvrwv"vtcpuhqtogt="nqy
htgswgpekgu"ctg"nkokvgf"d{"rtkoct{"kpfwevcpeg"cpf"jkij"htgswgpekgu"d{"ngcmcig"kpfwevcpeg"cpf"ecrcekvcpeg0"Cpqvjgt
nkokvcvkqp"ku"kp"vjg"eqodkpcvkqp"qh"jkij"qwvrwv"korgfcpeg."fgeqwrnkpi"ecrcekvqt"cpf"itkf"tgukuvqt."yjkej"cevu"cu"c
jkij/rcuu"hknvgt0"Kh"kpvgteqppgevkqpu"ctg"ocfg"htqo"nqpi"ecdngu"*hqt"gzcorng"iwkvct"vq"cor"kprwv+."c"jkij"uqwteg
korgfcpeg"ykvj"jkij"ecdng"ecrcekvcpeg"yknn"cev"cu"c"nqy/rcuu"hknvgt0

Oqfgtp"rtgokwo"eqorqpgpvu"ocmg"kv"gcu{"vq"rtqfweg"cornkhkgtu"vjcv"ctg"guugpvkcnn{"hncv"qxgt"vjg"cwfkq"dcpf."ykvj
nguu"vjcp"5"fD"cvvgpwcvkqp"cv"8"J¦"cpf"92"mJ¦."ygnn"qwvukfg"vjg"cwfkdng"tcpig0

Pgicvkxg"hggfdcem

Vwdg"cornkhkgtu"eqwnf"pqv"wug"cu"owej"pgicvkxg"hggfdcem"*PHD+"cu"vtcpukuvqt"cornkhkgtu"fwg"vq"vjg"nctig"rjcug
ujkhvu"ecwugf"d{"vjg"qwvrwv"vtcpuhqtogtu"cpf"vjgkt"nqygt"uvcig"ickpu0"Yjkng"vjg"cdugpeg"qh"PHD"itgcvn{"kpetgcugu
jctoqpke"fkuvqtvkqp."kv"cxqkfu"kpuvcdknkv{."cu"ygnn"cu"ungy"tcvg"cpf"dcpfykfvj"nkokvcvkqpu"korqugf"d{"fqokpcpv/rqng
eqorgpucvkqp"kp"vtcpukuvqt"cornkhkgtu0"Ukpeg"vtcpukgpv"kpvgtoqfwncvkqp"fkuvqtvkqp"ycu"ockpn{"ecwugf"d{"pgicvkxg
hggfdcem.]44_]45_"vwdg"uqwpf"pgxgt"uwhhgtgf"owej"qh"vjcv"mkpf"qh"fkuvqtvkqp0

Rqygt"uwrrnkgu

Gctn{"vwdg"cornkhkgtu"wuwcnn{"jcf"wptgiwncvgf"rqygt"uwrrnkgu0"Vjku"ycu"fwg"vq"vjg"jkij"equv"qh"c"tgiwncvkpi"gngogpv.
cpf"vjg"tgncvkxg"kpugpukvkxkv{"qh"vjg"rqygt"qwvrwv"uvcig"vq"xqnvcig"xctkcvkqpu0"Vjg"v{rkecn"cpqfg"uwrrn{"ycu"c
tgevkhkgt."rgtjcru"jcnh/ycxg."c"ejqmg"*kpfwevqt+"cpf"c"hknvgt"ecrcekvqt0"Yjgp"vjg"vwdg"cornkhkgt"ycu"qrgtcvgf"cv"jkij
xqnwog."vjg"rqygt"uwrrn{"xqnvcig"yqwnf"fkr"cu"vjg"cornkhkgt"ftcyu"oqtg"ewttgpv"*cuuwokpi"encuu"CD+."tgfwekpi
rqygt"qwvrwv"cpf"ecwukpi"ukipcn"oqfwncvkqp0"Vjku"fkrrkpi"ghhgev"ku"mpqyp"cu"$uci$."yjkej"oc{"dg"fguktcdng"ghhgev
hqt"uqog"gngevtke"iwkvctkuvu"yjgp"eqorctgf"ykvj"jctf"enkrrkpi0"Cu"vjg"cornkhkgt"nqcf"qt"qwvrwv"kpetgcugu"vjku"xqnvcig
ftqr"yknn"kpetgcug"fkuvqtvkqp"qh"vjg"qwvrwv"ukipcn0"Uqogvkogu"vjku"uci"ghhgev"ku"fguktcdng"hqt"iwkvct"cornkhkecvkqp0

Uqog"kpuvtwogpv"vwdg"cornkhkgt"fgukipu"wug"c"xcewwo"vwdg"tgevkhkgt"kpuvgcf"qh"uknkeqp"fkqfgu0"C"uqnkf"uvcvg"tgevkhkgt
cttcpigogpv"eqwnf"kpvtqfweg"cwfkdng"pqkug"*uykvejkpi"pqkug+"kpvq"vjg"cornkhkgt."dwv"qpn{"kh"rqqtn{"korngogpvgf."vjku
oc{"dg"cwfkdng"cu"c"dw¦¦kpi"uqwpf"cv"v{rkecnn{"vykeg"ockpu"uwrrn{"htgswgpe{0]46_"Vjg"xqnvcig"uci"qh"c"vwdg"tgevkhkgt
ecp"dg"gowncvgf"ykvj"uknkeqp"tgevkhkgtu."d{"cffkpi"c"tgukuvcpeg"kp"ugtkgu"ykvj"vjg"jkij"xqnvcig"uwrrn{0"Vjku"tgukuvcpeg
ecp"dg"uykvejgf"kp"yjgp"tgswktgf0

PUBLIC

http://en.wikipedia.org/wiki/Tube_sound#cite_note-20
http://en.wikipedia.org/wiki/Tube_sound#cite_note-21
http://en.wikipedia.org/wiki/Bandwidth_(signal_processing)
http://en.wikipedia.org/wiki/Passivity_(engineering)
http://en.wikipedia.org/wiki/High-pass_filter
http://en.wikipedia.org/wiki/Low-pass_filter
http://en.wikipedia.org/wiki/Negative_feedback
http://en.wikipedia.org/wiki/Slew_rate
http://en.wikipedia.org/wiki/Tube_sound#cite_note-22
http://en.wikipedia.org/wiki/Tube_sound#cite_note-23
http://en.wikipedia.org/wiki/Anode
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Inductor
http://en.wikipedia.org/wiki/Rectifier#Rectifier_output_smoothing
http://en.wikipedia.org/wiki/Voltage_drop
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Tube_sound#cite_note-24
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Dncemjgctv"7"Y"ukping/gpfgf"encuu"C"iwkvct
cornkhkgt"ejcuuku."ykvj"cffkvkqpcn"I¥56
xcnxg"tgevkhkgt"kpuvcnngf0

Gngevtke"iwkvct"cornkhkgtu"qhvgp"wug"c"encuu"CD3"cornkhkgt0"Kp"c"encuu"C"uvcig"vjg"cxgtcig"ewttgpv"ftcyp"htqo"vjg
uwrrn{"ku"eqpuvcpv"ykvj"ukipcn"ngxgn."eqpugswgpvn{"kv"fqgu"pqv"ecwug"uwrrn{"nkpg"uci"wpvkn"vjg"enkrrkpi"rqkpv"ku"tgcejgf0
Qvjgt"cwfkdng"ghhgevu"fwg"vq"wukpi"c"vwdg"tgevkhkgt"ykvj"vjku"cornkhkgt"encuu"ctg"wpnkmgn{0

Qpg"rquukdng"rtcevkecn"cfxcpvcig"qh"vwdg"tgevkhkecvkqp"ku"vjcv"vjg"tgevkhkgt"vwdg"vcmgu"uqog"vkog"vq"ycto"wr"dghqtg"kv
dgikpu"vq"eqpfwev0"Vjku"yknn"cnnqy"c"nkvvng"vkog"hqt"vjg"qwvrwv"vwdg"jgcvgtu"vq"ycto"wr"uqogyjcv"cpf"cnnqy"vjgo"vq
uvctv"eqpfwevkpi"dghqtg"vjg"jkij"xqnvcig"*JV+"tgcejgu"hwnn"rqvgpvkcn
cnnqykpi"c"uqhv"uvctv."rquukdn{"gzvgpfkpi"vjgkt"nkhgurcp0"Uqog"uc{"vjcv
kh"vjg"hwnn"jkij"xqnvcig"uwrrn{"*JV+"ku"rtgugpv"fwtkpi"vjg"ycto"wr
rtqeguu."qp"qwvrwv"vwdgu."ecvjqfg"fcocigf"oc{"tguwnv0

Uqog"jkij"gpf"ocpwhcevwtgtu."uwej"cu"Ygndqtpg"Ncdu"kp"vjgkt
rtgokwo"mkvu."wug"uknkeqp"fkqfgu"qp"vjg"dcuku"vjcv"vjg"equv"cpf
rqygt"tgswktgf"vq"qrgtcvg"c"xcewwo"vwdg"tgevkhkgt"fqgu"pqv"{kgnf
cp{"ogcuwtcdng"kortqxgogpv"kp"vjg"uqwpf0

Encuu"C

Vjg"dgpghkv"qh"cnn"Encuu"C"cornkhkgtu"ku"vjg"cdugpeg"qh"etquuqxgt
fkuvqtvkqp0"Vjku"etquuqxgt"fkuvqtvkqp"ycu"hqwpf"gurgekcnn{"cppq{kpi
chvgt"vjg"hktuv"uknkeqp/vtcpukuvqt"Encuu"D"cpf"Encuu"CD"vtcpukuvqt"cornkhkgtu"cttkxgf"qp"vjg"eqpuwogt"octmgv="gctnkgt
igtocpkwo/dcugf"fgukipu"ykvj"vjg"owej"nqygt"vwtp/qp"xqnvcig"qh"vjku"vgejpqnqi{"cpf"vjg"pqp/nkpgct"tgurqpug
ewtxgu"qh"vjg"fgxkegu"jcf"pqv"ujqyp"nctig"coqwpvu"qh"etquu/qxgt"fkuvqtvkqp0"Cnvjqwij"etquuqxgt"fkuvqtvkqp"ku"xgt{
hcvkiwkpi"vq"vjg"gct"cpf"rgtegrvkdng"kp"nkuvgpkpi"vguvu."kv"ku"cnuq"cnoquv"kpxkukdng"*wpvkn"nqqmgf"hqt+"kp"vjg"vtcfkvkqpcn"Vqvcn
jctoqpke"fkuvqtvkqp"*VJF+"ogcuwtgogpvu"qh"vjcv"grqej0]47_

Rwuj/rwnn"cornkhkgtu

C"Encuu"C"rwuj/rwnn"cornkhkgt"rtqfwegu"nqy"fkuvqtvkqp"hqt"cp{"ikxgp"ngxgn"qh"crrnkgf"hggfdcem."cpf"cnuq"ecpegnu"vjg
hnwz"kp"vjg"vtcpuhqtogt"eqtgu."uq"vjku"vqrqnqi{"ku"qhvgp"uggp"d{"JKHK/cwfkq"gpvjwukcuvu"cpf"fq/kv/{qwtugnh"dwknfgtu"cu
vjg"wnvkocvg"gpikpggtkpi"crrtqcej"vq"vjg"vwdg"Jk/hk"cornkhkgt"hqt"wug"ykvj"pqtocn"urgcmgtu0"Qwvrwv"rqygt"qh"cu"jkij
cu"37"ycvvu"ecp"dg"cejkgxgf"gxgp"ykvj"encuuke"vwdgu"uwej"cu"vjg"4C5]48_"qt"3:"ycvvu"htqo"vjg"v{rg"670"Encuuke
rgpvqfgu"uwej"cu"vjg"GN56"cpf"MV::"ecp"qwvrwv"cu"owej"cu"82"cpf"322"ycvvu"tgurgevkxgn{0"Urgekcn"v{rgu"uwej"cu
vjg"X3727"ecp"dg"wugf"kp"fgukipu"tcvgf"cv"wr"vq"3322"ycvvu0"Ugg"$Cp"Crrtqcej"vq"Cwfkq"Htgswgpe{"Cornkhkgt
Fgukip$."c"eqnngevkqp"qh"tghgtgpeg"fgukipu"qtkikpcnn{"rwdnkujgf"d{"I0G0E0

Ukping/Gpfgf"Vtkqfg"*UGV+"cornkhkgtu

UGV"cornkhkgtu"v{rkecnn{"ujqy"rqqt"ogcuwtgogpvu"hqt"fkuvqtvkqp"ykvj"c"tgukuvkxg"nqcf."jcxg"nqy"qwvrwv"rqygt."ctg
kpghhkekgpv."jcxg"rqqt"fcorkpi"hcevqtu"cpf"jkij"ogcuwtgf"jctoqpke"fkuvqtvkqp0"Dwv"vjg{"rgthqto"uqogyjcv"dgvvgt"kp
f{pcoke"cpf"korwnug"tgurqpug0

Vjg"vtkqfg."fgurkvg"dgkpi"vjg"qnfguv"ukipcn"cornkhkecvkqp"fgxkeg."cnuq"ecp"*fgrgpfkpi"qp"vjg"fgxkeg"kp"swguvkqp+"jcxg
c"oqtg"nkpgct"pq/hggfdcem"vtcpuhgt"ejctcevgtkuvke"vjcp"oqtg"cfxcpegf"fgxkegu"uwej"cu"dgco"vgvtqfgu"cpf"rgpvqfgu0

Cwfkqrjkngu"yjq"rtghgt"UGV/cornkhkgtu"uvcvg"vjcv"ogcuwtgf"uqwpf"rgthqtocpeg"ku"c"rqqt"kpfkecvqt"qh"tgcn"yqtnf
uqwpf"rgthqtocpeg"cpf"fkuvqtvkqp"ngxgn"ku"pqv"vjg"qpn{"etkvgtkqp"hqt"iqqf"uqwpf"tgrtqfwevkqp0"Vjgtg"ctg
ogcuwtgogpvu"pqv"wukpi"tgukuvkxg"nqcf"dwv"cevwcn"nqwfurgcmgtu"vq"dcem"vjku"wr0"Kp"vjg"3;92u."fgukipgtu"uvctvgf

PUBLIC

http://en.wikipedia.org/wiki/File:Blackheart_Single_ended_Class_AAmp_chassis_with_the_GZ34_rectifier_valve_installed.jpg
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Rectifier
http://en.wikipedia.org/wiki/Class_A_amplifier#Class_A
http://en.wikipedia.org/wiki/Crossover_distortion
http://en.wikipedia.org/wiki/Electronic_amplifier#Class_B_and_AB
http://en.wikipedia.org/wiki/Total_harmonic_distortion
http://en.wikipedia.org/wiki/Tube_sound#cite_note-25
http://en.wikipedia.org/wiki/Push%E2%80%93pull_output
http://en.wikipedia.org/wiki/Feedback
http://en.wikipedia.org/wiki/Flux
http://en.wikipedia.org/wiki/Transformer
http://en.wikipedia.org/wiki/High_fidelity
http://en.wikipedia.org/wiki/Loudspeaker
http://en.wikipedia.org/wiki/2A3
http://en.wikipedia.org/wiki/Tube_sound#cite_note-26
http://en.wikipedia.org/wiki/Damping_factor


7137135 Vwdg"uqwpf"/"Ykmkrgfkc."vjg"htgg"gpe{enqrgfkc

gp0ykmkrgfkc0qti1ykmk1Vwdgauqwpf 9133

rtqfwekpi"vtcpukuvqt"coru"ykvj"jkijgt"qrgp"nqqr"ickp"vq"uwrrqtv"c"itgcvgt"xcnwg"qh"pgicvkxg"hggfdcem0"Kp"vjg
hqnnqykpi"{gctu."cornkhkgtu"ygtg"dwknv"ykvj"oqfguv"ickp"dwv"iqqf"qrgp"nqqr"nkpgctkv{."fgrnq{gf"ykvj"qpn{"okpkocn
ngxgnu"qh"PHD0

Cnn"cornkhkgtu"fkuvqtv."uq"fq"UGVu0"Vjku"hqt"vjg"oquv"rctv"jctoqpke"fkuvqtvkqp"ku"c"fkuvqtvkqp"ykvj"c"wpkswg"rcvvgtp"qh
ukorng"cpf"oqpqvqpkecnn{"fgec{kpi"ugtkgu"qh"jctoqpkeu."fqokpcvgf"d{"oqfguv"ngxgnu"qh"ugeqpf"jctoqpke0"Vjg"tguwnv
ku"nkmg"cffkpi"vjg"ucog"vqpg"qpg"qevcxg"jkijgt0"Vjg"cffgf"jctoqpke"vqpg"ku"nqygt."cv"cdqwv"3Î7'"qt"nguu"kp"c"pq
hggfdcem"cor"cv"hwnn"rqygt"cpf"tcrkfn{"fgetgcukpi"cv"nqygt"ngxgnu0"Kv"jcu"dggp"cnuq"enckogf"vjcv"c"ukping/gpfgf
rqygt"cornkhkgt)u"ugeqpf"jctoqpke"fkuvqtvkqp"eqwnf"tgfweg"ukoknct"jctoqpke"fkuvqtvkqp"kp"c"ukping"ftkxgt
nqwfurgcmgt."kh"vjgkt"jctoqpke"fkuvqtvkqpu"ygtg"gswcn"cpf"cornkhkgt"ycu"eqppgevgf"vq"vjg"urgcmgt"uq"vjcv"vjg
fkuvqtvkqpu"yqwnf"pgwvtcnk¦g"gcej"qvjgt0]49_]4:_

UGVu"wuwcnn{"qpn{"rtqfweg"cdqwv"4"ycvv"*Y+"hqt"c"4C5"vwdg"cor"vq":"Y"hqt"c"522D"wr"vq"vjg"rtcevkecn"oczkowo
qh"62"Y"hqt"c":27"vwdg"cor0"Vjg"tguwnvkpi"uqwpf"rtguuwtg"ngxgn"fgrgpfu"qp"vjg"ugpukvkxkv{"qh"vjg"nqwfurgcmgt"cpf
vjg"uk¦g"cpf"ceqwuvkeu"qh"vjg"tqqo"cu"ygnn"cu"cornkhkgt"rqygt"qwvrwv0"Vjgkt"nqy"rqygt"cnuq"ocmgu"vjgo"kfgcn"hqt
wug"cu"rtgcoru0"UGV"coru"jcxg"c"rqygt"eqpuworvkqp"qh"c"okpkowo"qh":"vkogu"vjg"uvcvgf"uvgtgq"rqygt0"Hqt
gzcorng"c"32"Y"uvgtgq"UGV"wugu"c"okpkowo"qh":2"Y."cpf"v{rkecnn{"322"Y0

Ukping/gpfgf"rgpvqfg"cpf"vgvtqfg"cornkhkgtu

Vjg"urgekcn"hgcvwtg"coqpi"vgvtqfgu"cpf"rgpvqfgu"ku"vjg"rquukdknkv{"vq"qdvckp"wnvtc/nkpgct"qt"fkuvtkdwvgf"nqcf"qrgtcvkqp
ykvj"cp"crrtqrtkcvg"qwvrwv"vtcpuhqtogt0"Wnvtc/nkpgct"eqppgevkqp"ku"c"pgicvkxg"hggfdcem"ogvjqf."gpcdnkpi"nguu
jctoqpke"fkuvqtvkqp0

Encuu"CD

Vjg"oclqtkv{"qh"oqfgtp"eqoogtekcn"Jk/hk"cornkhkgt"fgukipu"jcxg"wpvkn"tgegpvn{"wugf"Encuu"CD"vqrqnqi{"*ykvj"oqtg
qt"nguu"rwtg"nqy/ngxgn"Encuu"C"ecrcdknkv{"fgrgpfkpi"qp"vjg"uvcpfkpi"dkcu"ewttgpv"wugf+."kp"qtfgt"vq"fgnkxgt"itgcvgt
rqygt"cpf"ghhkekgpe{."v{rkecnn{"34Î47"ycvvu"cpf"jkijgt0"Oqfgtp"fgukipu"pqtocnn{"kpenwfg"cv"ngcuv"uqog"pgicvkxg
hggfdcem."cnvjqwij"kp"vjg"qnf"vkogu"qh"Jkij"hkfgnkv{"wug"qh"hggfdcem"ycu"vqvcnn{"qwv"qh"swguvkqp0"Kv"ujqwnf"jqygxgt
dg"pqvgf"vjcv"Encuu"F"vqrqnqi{"*yjkej"ku"xcuvn{"oqtg"ghhkekgpv"vjcp"Encuu"D."cpf"jcu"ictpgtgf"uqog"tgurgev"htqo
cwfkqrjkngu+"ku"oqtg"cpf"oqtg"htgswgpvn{"crrnkgf"yjgtg"vtcfkvkqpcn"fgukip"yqwnf"wug"Encuu"CD0

Encuu"CD"rwuj/rwnn"vqrqnqi{"ku"pgctn{"wpkxgtucnn{"wugf"kp"vwdg"coru"hqt"gngevtke"iwkvct"crrnkecvkqpu"vjcv"rtqfweg
rqygt"qh"oqtg"vjcp"cdqwv"32"ycvvu0"Yjgtgcu"cwfkqrjkng"coru"ctg"rtkoctkn{"eqpegtpgf"ykvj"cxqkfkpi"fkuvqtvkqp."c
iwkvct"cor"godtcegu"kv0"Yjgp"ftkxgp"vq"vjgkt"tgurgevkxg"nkokvu."vwdgu"cpf"vtcpukuvqtu"fkuvqtv"swkvg"fkhhgtgpvn{0"Vwdgu
enkr"oqtg"uqhvn{"vjcp"vtcpukuvqtu."cnnqykpi"jkijgt"ngxgnu"qh"fkuvqtvkqp"*yjkej"ku"uqogvkogu"fguktgf"d{"vjg"iwkvctkuv+
yjknuv"uvknn"dgkpi"cdng"vq"fkuvkpiwkuj"vjg"jctoqpkgu"qh"c"ejqtf0"Vjku"ku"dgecwug"vjg"uqhv"rtqhkng"qh"vjg"vwdg"cornkhkgt)u
fkuvqtvkqp"ogcpu"vjcv"vjg"kpvgtoqfwncvkqp"rtqfwevu"qh"vjg"fkuvqtvkqp"ctg"igpgtcnn{"oqtg"enqugn{"tgncvgf"vq"vjg
jctoqpkgu"qh"vjg"ejqtf0"Cnn"ukfgu"qh"vjg"swguvkqp"ctg"kpenkpgf"vq"citgg"cdqwv"xcnxg"iwkvct"cornkhkgtu"qhhgtkpi"c"xgt{
wughwn"uqwpf."vjqwij"vjgtg"ctg"cnuq"uqog"ygnn/tgurgevgf"uqnkf/uvcvg"fgukipu0
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